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doi:10.1016/j.jfma.2011.03.002Background/Purpose: To determine whether there is a difference in surgically induced astig-
matism (SIA) after phacoemulsification for unsutured temporal clear corneal incisions of
2.5 mm and 3.5 mm wound sizes.
Methods: This study comprised 36 eyes of 18 patients who received cataract surgery from
a single surgeon. Patients were randomly assigned to receive a one-piece intraocular lens
(IOL; Acrysof SA60AT), through a 2.5 mm incision in one eye, and a three-piece IOL (Tecnis
Z9000), through a 3.5 mm incision in the contralateral eye. Corneal topography was performed
preoperatively and also postoperatively at 3, 6, and 12 weeks. SIA was calculated by means of
vector analysis using the Alpins’ method.
Results: The mean SIAs of the groups with 2.5 mm and 3.5 mm incisions were 0.57 diopter (D)
and 0.86 D respectively (p Z 0.04) at 3 weeks postoperatively, 0.60 D and 0.83 D respectively
(p > 0.05) at 6 weeks postoperatively, and 0.58 D and 0.58 D respectively (p > 0.05) at 12
weeks postoperatively. At 12 weeks postoperatively, SIAs of <1.0 D were found in all eyes in
the 2.5 mm group and 93% of eyes in the 3.5 mm group. Forty-four percent of eyes in both
groups demonstrated SIAs > 0.5 D at 12 weeks postoperatively. The largest SIA was 1.36 D in
the 3.5 mm group.
Conclusion: Mean SIA in the 3.5 mm group was larger than that in the 2.5 mm group in the early
postoperative period, but there was no significant difference for the entire observational period.
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Surgically induced astigmatism and phacoemulsification 285Introduction into the anterior chamber. For eyes in the 3.5 mm incisionSurgically induced astigmatism (SIA) after cataract surgery
is related to the type, length, and location of the incision
and to the suture closure techniques.1e9 It has been
reported that temporal clear corneal incisions cause rela-
tively small changes to the corneal cylinder.1,4,10e13 Several
studies have also compared the SIA after clear corneal
incisions of sizes from 3.2 mm to 5.2 mm.4,14 The results
demonstrated that a smaller wound size induces less SIA.
With the introduction of foldable intraocular lens (IOL)
and advanced IOL delivery systems, the corneal incisional
wound for phacoemulsification can be reduced in size to
2.5 mm or smaller.7 To study SIA for small incision sizes, we
performed a 12 week postoperative study of the SIA
induced by phacoemulsification with a foldable IOL implant
using 2.5 mm and 3.5 mm unsutured temporal clear corneal
incisions.
Patients and methods
Uneventful phacoemulsification was performed on 36 eyes
of 18 consecutive patients. The sample comprised 5 males
and 13 females with a mean age of 69.83  10.05 years
(range 46e82). Clinical examination determined that the
duration of senile cataract was at least 6 months. The
patients were randomly chosen to receive a one-piece IOL
(Acrysof SA60AT, Alcon Laboratories Inc., Irvine, California,
USA) through a 2.5 mm incision in one eye, and a three-
piece IOL (Tecnis Z9000, AMO Inc., Traverse City, Michigan,
USA) through a 3.5 mm incision in the contralateral eye.
Patients
All cases were observed for at least 3 months in the
Department of Ophthalmology, National Taiwan University
Hospital. None of the patients had a history of previous
ocular surgery, or of diseases that affect corneal refraction.
Preoperative and postoperative evaluation
A complete preoperative ophthalmological examination was
performed. Postoperative examinations were performed
at 3, 6, and 12 weeks. These examinations included autor-
efraction, best corrected visual acuity (BCVA), slit lamp
biomicroscopy, dilated fundus examination, and corneal
topography. Corneal topography was evaluated using
a TMS-4 corneal tomographer (Tomey, Nagoya, Japan).
Surgical procedure
All surgeries were performed by a single surgeon (F.-R.H.).
Posterior chamber phacoemulsification was performed
through a temporal corneal incision under topical or peri-
bulbar anesthesia. For eyes in the 2.5 mm incision group,
a two-step clear corneal incision of 2.5 mm width was made
with a steel blade, and a one-piece acrylic IOL (Acrysof
SA60AT) was implanted into the capsular bag using the
Alcon Monarch II Delivery system (cartridge C) through the
original clear corneal wound without inserting the cartridgegroup, the 2.5 mm clear corneal wound was enlarged to
a width of 3.5 mm using a steel blade, and a 3-piece silicone
aspherical IOL (Tecnis Z9000) was implanted using the AMO
Unfolder silver-T implantation system. The wound size was
measured during and at the end of the operation. Subse-
quently, the wound was closed by corneal stromal hydra-
tion without suture. The eyes were dressed with antibiotic
ointment and patched.
Astigmatism analysis
Surgically induced astigmatism (SIA) was calculated by
means of vector analysis using the Alpins’ method.15,16
Preoperative astigmatism was classified into 3 subgroups
for further analysis. Astigmatism with a steep meridian
between 70 and 110 was defined as with-the-rule (WTR).
Astigmatism with a steep axis between 0 and 20, or 160
and 180 was defined as against-the-rule (ATR). All other
astigmatisms were classified as oblique.
Statistical analysis
Data were analyzed using SPSS software. The Wilcoxon
matched-pairs ranks test was used to detect statistically
significant difference in BCVA, astigmatism value, and SIA
between the groups with 2.5 mm and 3.5 mm incisions. To
compare the difference in SIA and change of astigmatism in
the three subgroups of preoperative astigmatism, the
Kruskal Wallis test was used. A p value of <0.05 was
considered statistically significant.
Results
There were no intraoperative or postoperative complica-
tions. No wound leakage, hypotony, or intraocular pressure
increase was noted during the follow-up period. The mean
preoperative astigmatism was 0.82  0.49 diopter (D)
(range 0.12e1.88 D) in the 2.5 mm incision group, and
0.91  0.64 D (range 0e2.2 D) in the 3.5 mm incision group
(p Z 0.14). As shown in Table 1, there was no significant
difference between these two groups when compared for
the value or type of preoperative astigmatism, as well as
for preoperative and postoperative logarithm of the
minimum angle of resolution BCVA.
The values of postoperative astigmatism are shown in
Table 2. The postoperative astigmatisms in the 2.5 mm
incision group were smaller than those in the 3.5 mm inci-
sion group. The mean value of astigmatism in both groups
was slightly increased at 3 and 6 weeks postoperatively, and
decreased to a nearly preoperative value at 12 weeks.
For mean surgically induced astigmatism (SIA), as seen in
Table 3, the value was lower in the 2.5 mm incision group
than in the 3.5 mm group during the entire follow-up
period. The mean SIA in the 2.5 mm incision group was
only significantly lower than that in the 3.5 mm incision
group at 3 weeks postoperatively (0.57  0.28 D vs.
0.86  0.59 D, p Z 0.04, with the observed power being
quite strong [0.80]). However, the two groupd showed no
statistical difference in SIA at 6 and 12 weeks post-
operatively (0.60  0.42 D vs. 0.83  0.65 D at 6 weeks,
Table 1 Basic profile of patients in this study.
2.5 mm group 3.5 mm group p value*
Number of eyes (od/os) 18 (9/9) 18 (9/9)
Type of intraocular lens Alcon AcrySof (1 piece) AMO Tecnis Z9000 (3 pieces)
Classification of preoperative astigmatism, n (%)
With-the-rule 6 (33.3) 5 (27.8) 0.17
Oblique 6 (33.3) 5 (27.8)
Against-the-rule 6 (33.3) 8 (44.4)
Preoperative logMAR BCVA 0.79  0.39 0.65  0.22 0.06
Postoperative logMAR BCVA e0.03  0.06 e0.02  0.08 0.21
BCVA Z best corrected visual acuity; logMAR Z logarithm of the minimum angle of resolution.
* Wilcoxon matched-pairs ranks test.
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and 0.49, respectively). The mean SIA axis is also shown in
Table 3. A general WTR shift was noted in both groups. The
values of SIA in the 2.5 mm incision group remained almost
constant over time, while those for the 3.5 mm incision
group decreased over time, becoming almost equal to the
value for the 2.5 mm incision group at 12 weeks post-
operatively. Analysis of SIA values at 3, 6, and 12 weeks
showed that there was no significant change in SIA for
either the 2.5 mm incision group or the 3.5 mm incision
group (p > 0.05).
The final SIA at 12 weeks was <1.0 D for all eyes in the
2.5 mm incision group, and for 93% of eyes in the 3.5 mm
incision group. Forty-four percent of eyes in both groups
demostrated SIAs > 0.5 D at 12 weeks postoperatively. The
largest SIA was 1.36 D in the 3.5 mm group. No eye
demonstrated SIA of > 1.5 D during the postoperative
period. Even though there were some various values for SIA
in both groups, the mean value of postoperative average
keratometry remained comparable to that before the
surgery (p > 0.05; Table 4).
To analyze changes in postoperative astigmatism further
for each different type of preoperative astigmatisms, each
incision group was divided into three subgroups e WTR,
ATR, and oblique e according to the axis of their preoper-
ative astigmatism (Tables 5 and 6). No significant difference
in the value of mean astigmatism or SIA was found in any of
these 3 subgroups at 3, 6, or 12 weeks postoperatively, for
either the 2.5 mm or the 3.5 mm incision groups.Table 2 Mean values of preoperative and postoperative
corneal astigmatism.
Examination Astigmatism
(mean  SD diopters [n])
p
value*
2.5 mm group 3.5 mm group
Preoperative 0.82  0.49 (18) 0.91  0.64 (18) 0.14
Postop 3 wk 0.84  0.53 (18) 1.19  0.81 (18) 0.02 y
Postop 6 wk 0.91  0.53 (18) 1.23  0.70 (18) 0.11
Postop 12 wk 0.84  0.63 (18) 1.11  0.82 (18) 0.04 y
Postop Z postoperative.
* Wilcoxon matched-pairs ranks test; y statistically significant
difference (p < 0 .05).By subtraction, without regard to axis, it was found that
the change in astigmatism remained negative over the
postoperative 12-week period for eyes with preoperative
ATR astigmatism in the 2.5 mm incision group. However,
a similar result was not noted for the 3.5 mm incision group.
Discussion
Surgically-induced astigmatism after cataract surgery is
a complex problem because the final refractive result is
influenced by various factors, such as incision size, preop-
erative astigmatism, and the amount of manipulation
during surgery.17 Modern small-incision clear corneal cata-
ract surgery causes less SIA and less change to corneal
shape than older methods.14,18 The main objective of our
study was to compare the SIA caused by two different small
incision sizes e 2.5 and 3.5 mm e for each individual. The
study was designed to avoid interindividual variation.
Patients were randomly chosen to receive cataract surgery
through a 3.5 mm wound in one eye and through a 2.5 mm
wound in the contralateral eye.
The mean SIA in the 3.5 mm incision group was
0.58  0.28 D at 12 weeks postoperatively. This result is
compatible with those reported by Gross and Miller19 and
Oshima et al,20 but the SIA in the 3.5 mm incision group
obtained in our study was lower than that reported by
Barequet et al13 and Khokhar et al.21 The final mean SIA for
the 2.5 mm incision group was 0.58  0.22 D, which was
almost the same as that for the 3.5 mm incision group. A
mean difference of 0.3 D was only observed at 3 weeks
postoperatively, with no significant difference at 6 and 12
weeks postoperatively. This result indicates that a smaller
incision is associated with a lower SIA in the short term, but
no significant long-term difference.
Mohammad et al investigated SIA after phacoemulsifi-
cation using 3.2 mm temporal clear corneal incisions.22 At
one week, 4 weeks, and 6 months postoperatively, the
observed SIA was 0.71  0.20 D, 0.63  0.20 D, and
0.26  0.46 D, respectively. This result showed that the
degree of SIA at 6 months was much lower than that
recorded at the initial postoperative visit. We studied the
postoperative corneal topography for both groups at 3, 6,
and 12 weeks postoperatively. Although the final SIAs at 12
weeks were almost the same for both the 2.5 mm and
3.5 mm groups (0.58  0.22 D vs. 0.58  0.28 D), long-term
Table 3 Mean surgically-induced astigmatism (SIA) calculated using Alpins’ method.
Examination SIA (mean  SD diopters/mean axis [n]) p
value*2.5 mm group 3.5 mm group
Postop 3 wk 0.57  0.28/79.6  31.2 (18) 0.86  0.59/86.1  35.8 (18) 0.04 y
Postop 6 wk 0.60  0.42/70.9  41.8 (18) 0.83  0.65/93.6  29.8 (18) 0.41
Postop 12 wk 0.58  0.22/72.9  32.7 (18) 0.58  0.28/77.8  38.5 (18) 0.49
Postop Z postoperative.
* Wilcoxon matched-pairs ranks test; y Statistically significant difference (p < 0.05).
Table 4 Change of corneal average keratometry.
Examination Mean of average keratometry
(diopters  SD [n])
2.5 mm group 3.5 mm group
Preoperative 44.6  1.3 (18) 44.5  1.3 (18)
Postop 3 wk 44.4  1.4 (18) 44.5  1.3 (18)
Postop 6 wk 44.7  1.3 (18) 44.6  1.5 (18)
Postop 12 wk 44.6  1.4 (18) 44.4  1.4 (18)
p value* 0.17 0.46
Postop Z postoperative.
* Friedman test.
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ences in the long-term values of SIA.
Hayashi et al showed that the SIA at 2 months post-
operatively was 0.74 D after coaxial 2.65 mm small-incision
cataract surgery (SICS) and 0.56 D after 2.0 mm coaxial
microincision cataract surgery (MICS).23 In our study, the
final SIA of 0.58 D for the 2.5 mm SICS group showed
a result similar to that for the 2.0 mm MICS in the study by
Hayashi et al.23 Wilczynski et al also compared the SIA 1
month after coaxial phacoemulsification through a 1.8 mm
microincision with that for bimanual phacoemulsification
through a 1.7 mm microincision.17 The results showed
a mean SIA of 0.42  0.29 D for the coaxial MICS group and
0.50  0.24 D for the bimanual group; the difference was
not statistically significant. These studies revealed that
limiting the incision size to < 2.5 mm will have less SIA.Table 5 Change of corneal astigmatism for different types of p
Type of preoperat
WTR ATR
Mean astigmatism (diopters)  SD/mean axis* (n)
Preop 0.79  0.65/89.5  9.6 (6) 1.14  0.28/179
3 wk 0.98  0.73/99.3  22.6 (6) 0.82  0.41/178
6 wk 1.16  0.62/89.6  25.7 (6) 0.92  0.52/7.5
12 wk 0.96  0.88/102.2  22.8 (6) 0.74  0.51/171
Mean SIA (diopters)  SD/mean axis* (n)
3 wk 0.58  0.27/79.7  28.8 (6) 0.50  0.33/91.
6 wk 0.74  0.48/92.5  42.0 (6) 0.32  0.27/55.
12 wk 0.62  0.30/86.2  24.1 (6) 0.54  0.27/73.
WTR Z with-the rule; ATR Z against-the-rule; SIA Z surgical induce
* Axis Z the steepest axis; y Kruskal Wallis test.Each of the three types of pre-existing astigmatism
(WTR, ATR, and oblique) had no significant influence on SIA
for either the 2.5 mm or the 3.5 mm incision groups. Our
results suggested that SIA, due to small corneal incision
cataract surgery is independent of the type of preoperative
mild to moderate astigmatism. When Barequet et al
compared the SIA in patients with preoperative ATR or WTR
astigmatism, they found that the existence of preoperative
ATR astigmatism was associated with a larger degree of
SIA.13 They could not explain the reason for the larger
degree of SIA in eyes with ATR astigmatism. However, their
study did show a significant shift toward WTR astigmatism
after phacoemulsification through a 3.5 mm horizontal
clear corneal incision.
Temporal clear corneal incision has the benefit of
reducing pre-existing ATR astigmatism.12,14,24 Rao et al
reported on the method of enlarging the size of the stan-
dard temporal clear corneal incision to reduce pre-existing
ATR astigmatism of more than 1.75 D.25 In our study, the
degree of pre-existing astigmatism ranged from 0 D to
2.2 D. A small SIA with a trend toward a WTR axis shift was
noted in both incision groups during the postoperative
12-weeks observation period (Tables 5 and 6). We found
a more predictable reduction in pre-existing ATR astigma-
tism in the 2.5 mm incision group, but not in the 3.5 mm
incision group (Tables 5 and 6). This finding suggests that
a 3.5 mm incision could result in overcorrection of small
preexisting ATR astigmatism and produce a larger degree of
WTR astigmatism. Barequet’s study also showed a wide
variation in SIA using a 3.5 mm incision (0e4.0 D).13 This
lack of predictability in SIA for individual patients may bereoperative astigmatism in 2.5 mm incision group.
ive astigmatism p
valueyOblique
.0  15.0 (6) 0.53  0.31/134.0  12.7 (6) 0.06
.2  18.5 (6) 0.69  0.43/136.0  40.7 (6) 0.86
 6.0 (6) 0.70  0.45/135.7  34.1 (6) 0.30
.4  26.7 (6) 0.67  0.29/137.0  29.3 (6) 0.84
0  35.8 (6) 0.65  0.25/62.3  26.1 (6) 0.32
3  11.7 (6) 0.71  0.42/62.8  60.5 (6) 0.13
0  14.7 (6) 0.72  0.40/52.8  53.3 (6) 0.98
d astigmatism.
Table 6 Change of corneal astigmatism for different types of preoperative astigmatism in 3.5 mm incision group.
Type of preoperative astigmatism p
value yWTR ATR Oblique
Mean astigmatism (diopters)  SD/mean axis* (n)
Preop 1.28  0.87/97.8  7.63 (5) 0.89  0.55/177.3  10.0 (8) 0.56  0.34/36.2  41.3 (5) 0.35
3 wk 1.69  1.18/ 97.2  9.52 (5) 1.30  0.41/143.1  41.0 (8) 0.55  0.34/115.8  29.0 (5) 0.04
6 wk 1.84  0.78/108.8  17.0 (5) 1.14  0.49/148.7  31.9 (8) 0.87  0.68/116.6  30.9 (5) 0.20
12 wk 1.47  1.19/103.8  22.3 (5) 1.02  0.42/172.2  8.75 (8) 0.70  0.46/116.5  26.7 (5) 0.73
Mean SIA (diopters)  SD/mean axis (n)
3 wk 0.73  0.32/91.0  37.6 (5) 1.02  0.71/78.5  40.7 (8) 0.78  0.70/84.6  34.2 (5) 0.68
6 wk 0.65  0.14/84.7  26.9 (5) 1.05  0.85/86.9  31.3 (8) 0.65  0.55/109.9  23.0 (5) 0.48
12 wk 0.58  0.18/75.6  39.2 (5) 0.54  0.20/89.1  34.5 (8) 0.46  0.14/63.0  48.6 (5) 0.96
WTR Z with-the rule; ATR Z against-the-rule; SIA Z surgical induced astigmatism.
*Axis Z the steepest axis; y Kruskal Wallis test.
288 Y.-H. Wei et al.significant in refractive surgery procedures, such as clear
lens extraction and phakic IOL implantation. We found that
SIA in the 2.5 mm group was more predictable than in the
3.5 mm group. This implied that a 2.5 mm temporal corneal
incision in cataract surgery produces a more predictable
effect than a 3.5 mm temporal corneal incision does, in
terms of reducing preoperative ATR astigmatism.
In conclusion, this randomized intraindividual study
demonstrated that the 3.5 mm incision group had larger SIA
than the 2.5 mm group in the early postoperative period,
but that the difference became insignificant at 12 weeks
postoperatively. Further larger and longer-term studies of
the influence of different wound sizes on surgically induced
astigmatismmight prove helpful in predicting and improving
the visual performance after phacoemulsification.References
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